Mutations of the transcription factor FOXL2, involved in cranio-facial and ovarian development, lead to the Blepharophimosis Syndrome. Here, we have systematically replaced the amino acids of the helices of the forkhead domain (FHD) of FOXL2 by glycine residues to assess the impact of such substitutions. A number of mutations lead to protein mislocalization, aggregation and to partial or complete loss of transactivation ability on a series of luciferase reporter systems. To rationalize the results of this glycine mutation scan, we have modeled the structure of the FHD by comparison with crystallographic data available for other FHDs. We failed to detect a clear-cut correlation between protein mislocalization or aggregation and the position of the mutation. However, we found that the localization of the side chain of each amino acid strongly correlated with the impact of its mutation on FOXL2 transactivation capacity. Indeed, when the side chains of the amino acids involved in the helices of the forkhead are supposed to point towards the hydrophobic core formed by the three main helices, a loss of function was observed. On the contrary, if the side chains point outward the hydrophobic core, protein function was preserved. The extension of this analysis to natural mutants shows that a similar correlation can be found for BPES mutations associated or not with ovarian dysfunction. Our findings reveal new insights into the molecular effects of FOXL2 mutations affecting the FHD, which represent two-thirds of intragenic mutations, and provide the first predictive tool of their effects.
INTRODUCTION
The Blepharophimosis Ptosis Epicanthus Inversus Syndrome (BPES, MIM 110100) is a genetic disease leading to craniofacial malformations associated with premature ovarian failure (POF) (type I BPES) or occurring alone (type II BPES) (1) . The FOXL2 gene, encoding a transcription factor, is mutated in patients with BPES (2) . The protein sequence of FOXL2 is highly conserved and contains a characteristic DNA-binding domain called forkhead (FHD) (3) . The FHD is also conserved among paralogs (FOX proteins) across a wide evolutionary span (4) . It folds into a variant of the helix-turn-helix motif and is mainly composed of three a-helices (H1, H2 and H3) and two large loops or 'wings' (W1 and W2) (5) . An additional a-helix (H4) can be found between H2 and H3 in some FHDs. The strong primary sequence conservation of this domain implies that its 3D-structure is essential for protein function. FOXL2 also carries a polyAlanine tract of 14 residues strictly conserved among eutherian mammals, the functional relevance of which, if any at all, is not known yet (3, 6) . FOXL2 is a nuclear protein present in peri-occular and ovarian follicular cells, among other expression sites (3, 7) . Targeted deletion of Foxl2 in mouse induces an accelerated depletion of the * To whom correspondence should be addressed at: Institut Jacques Monod, Bâtiment Buffon/Pièce 555B, 15 ovarian follicular pool that confirms its critical role for a proper differentiation of granulosa cells during folliculogenesis (8, 9) . Several analyses have implicated FOXL2 in the regulation of steroid metabolism, cell cycle, reactive oxygen species detoxification, apoptosis and inflammation (10) (11) (12) (13) .
A large variety of FOXL2 mutations has been described thus far (details at http://medgen.ugent.be/foxl2). More than two-thirds of BPES patients carry intragenic FOXL2 mutations (14, 15) and expansions of the polyAlanine tract of the protein from 14 to 24 residues account for one-third of mutations in the coding region (14, 15) . We have shown that such polyAlanine expansions lead to the formation of intranuclear aggregates and to a mislocalization of the protein to the cytoplasm (16, 17) . We have previously studied the molecular consequences of a series of naturally occurring FOXL2 missense mutations affecting the FHD on subcellular localization and transactivation (18) . The mutant proteins could be grouped into four classes: (i) those displaying a normal nuclear distribution (H104N, N109K); (ii) those displaying nuclear aggregation (E69K, S101R); (iii) those inducing nuclear and cytoplasmic aggregation (S58L, I63T, A66V, I80T, I84N,  F90S, W98G, I102T , R103C, L106F, L106P) and (iv) those with cytoplasmic aggregation (S70I). These missense mutations lead to a classical BPES phenotype, but the predictive value of alterations of subcellular localization for genotype-phenotype correlations is limited. However, aggregation and mislocalization of mutated FOXL2 tended to impair its transactivation ability. More recently, using two luciferase-based promoter reporter assays, we were able to find a direct correlation between the transcriptional activity of FOXL2 variants and the BPES type, enabling us to predict the risk of POF associated with these mutations (which is otherwise a difficult task) (19) . In this previous work, we also detected a loose correlation between the proportion of cells displaying subcellular mislocalization and aggregation of mutated FOXL2 and the functional activity on the reporter promoters. Recently, Shah et al. (20) identified the recurring somatic mutation c.402C . G in the sequence of FOXL2 leading to the amino acid substitution p.C134W in ovarian granulosa cell tumors (OGCTs). The presence of this mutation has been confirmed in .95% of adult-type OGCTs by different laboratories (21, 22) . This mutation maps to the second wing of the FHD. Shah et al. (20) and ourselves (22) failed to detect any mislocalization of the mutated protein. More recently, it has been shown that the wild-type (WT) and mutant FOXL2 display differential pro-apoptotic activities. Specifically, WT FOXL2 induces significant granulosa cell death while the mutant version exhibited a minimal activity (23) .
In the present study, we set out to assess, in a systematic way, the impact of artificial mutations in the helices of the FHD of FOXL2 on its intracellular physical state (i.e. aggregation, mislocalization) and activity. For this, we have generated 20 mutated versions of FOXL2 in which we have basically replaced one residue every two positions in the a-helices of the FHD by a glycine. We have named the whole process a 'Glycine mutation scan' of the FHD helices. We have chosen glycine because it tends to disrupt a-helices owing to its high conformational flexibility (24) . Indeed, a feature of the C-terminus of helices is the frequent presence of a glycine (i.e. the C-cap) in a left-handed a conformation with the NH making a hydrogen bond to the CO of amino acid n-5 (25) . Moreover, in the context of a protein, glycine does not project any hydrophobic lateral chain that might help stabilize the structure of the domain by promoting interactions with a hydrophobic core (as might be the case of Alanine, which was another candidate, with the highest helix-forming propensity). Withstanding a glycine mutation within the a-helices would also show how the tertiary structure is resilient (or sensitive) to such helix-disrupting mutations. We hypothesized that such a systematic analysis would provide a framework to understand the pathogenic mechanism of natural mutations.
Here, we find that the predicted spatial orientation of the side chains of the mutated residues with respect to the hydrophobic core formed by the three main helices of the FHD is the key parameter to explain the functional effects of the mutations. On the one hand, artificial mutations of residues whose lateral chains point outward the hydrophobic core are well tolerated, leading to normal activity in a wide series of luciferase reporter assays. On the other hand, mutations of residues pointing inward impair FOXL2 activity. Interestingly, natural mutations follow the same pattern. The side chains of the amino acids whose substitutions are involved in type I BPES (i.e. the more damaging ones) tend to point towards the hydrophobic core, and vice-versa for the type II-inducing mutations. Taken altogether, our results show that a perturbation of the hydrophobic core stabilizing the helices of the FHD leads to protein malfunctioning and pathology.
RESULTS AND DISCUSSION
Mutations in the alpha-helices of the FHD of FOXL2 lead to variable protein mislocalization and aggregation
In order to better understand the relevance of the a-helices to maintain the structure of a FHD, we have constructed a series of mutants in the context of the transcription factor FOXL2. Specifically, we have basically replaced one amino acid every two positions by a glycine residue in the helices of the FHD (Fig. 1) . Our 20 constructs express a mutated FOXL2 version in fusion with the green fluorescent protein (GFP, Primers sequences in Supplementary Material, Table S1 ). We have started our exploration by assessing the impact of the glycine mutation scan on the localization and physical state (i.e. aggregation or not) of the mutant proteins. For this, we transiently transfected the mutated constructs in COS-7 cells to evaluate the proportion of cells displaying cytoplasmic staining and/or aggregation as well as intranuclear aggregation, by fluorescence microscopy (18) . As expected, the WT protein (FOXL2-WT) displayed a proper nuclear localization, (Fig. 2) . The same pattern was also observed for F90G, K93G, N94G, W98G, S101G and H104G mutants. However, for the other mutants, we observed granular or massive nuclear aggregates. For instance, mutants Y59G, K87G and L108G presented 10% of nuclear aggregation. This proportion rose to 20% for the mutated versions I63G, M65G, L77G, Y81G, N100G and I102G and to more than 30% for Y83G, I85G, Y91G and L106G. With the exception of L77G, Y91G, I102G and L106G, which displayed cytoplasmic aggregates, the rest of the mutants were localized basically in the nucleus. We failed to detect any obvious correlation between nuclear and/or cytoplasmic aggregation and mislocalization and the position of the mutation in our series of 20 variants (Fig. 2) . Furthermore, we failed to find any clear link between mutations in a particular helix and a tendency to induce aggregation or mislocalization. This contrasts with previous data on other forkhead factors. Naturally occurring missense mutations in the FHDs of FOXC1, FOXC2 and FOXP2 have been shown to lead to defective protein localization loosely correlating with impaired transactivation (26) (27) (28) (29) . A previous predictive model proposed that mutations in the first helix of the FHD might destabilize protein -DNA interactions, interfering with transactivation and inducing subcellular mislocalization (28) . Mutations in the second helix would not affect subcellular localization, but would decrease transcriptional activity. Finally, mutations in the DNA-recognition helix (the third one) would impact nuclear localization and DNA binding. The divergence between these observations and our results might reside on specific differences of the relevant proteins (i.e. FOXL2 versus FOXC1 and 2), on the difference in the nature of the amino acid substitutions or on the number of mutations studied. Our present and previous data (involving natural mutations) show that the predictive model for missense mutations in the FHD of FOXC1 and FOXC2 do not apply in a straightforward manner to FOXL2 (19) .
Mutations in the helices of the FHD of FOXL2 lead to variable transactivation impairment on a series of luciferase reporter systems
Next, we assessed whether the mutated variants were still able to transactivate FOXL2 target promoters in the KGN human granulosa-cell tumor cell line. KGN cells naturally express FOXL2 and constitute a suitable cellular model to study its activity. Specifically, we used 12 reporter constructs that should allow us to detect either intrinsic variations of FOXL2 transcriptional activity (i.e. promoters containing concatemerized FOXL2 response elements) and/or variations due to potential perturbations of interactions with proteins partners (naturally occurring promoters). The reporters used in this study are listed in Table 1 . KGN cells were co-transfected with the promoter-luciferase construct and one of the constructs driving the expression of a FOXL2 variant (along with the plasmid pRL-RSV to correct for differences in transfection levels) ( Fig. 3 and Supplementary Material, Table S2 ). Figure 3 shows typical results of two reporter promoters (pSIRT1-luc and 2x-A-FLRE-luc). On the pSIRT1-luc reporter, FOXL2-WT induced a significant increase of luciferase activity when compared with the empty pcDNA-GFP vector (Fig. 3A) . Interestingly, some FOXL2 glycine mutants displayed WT levels of transactivation (M65G, Y83G, I85G, F90G, K93G, N94G, N100G, S101G, H104G and L108G) while others displayed significantly reduced activities (I63G, L77G, Y81G, Y91G, W98G, I102, S107G). On this reporter, Y59G, K87G and L106G displayed intermediate activities (different from both FOXL2-WT and empty vector). Similar results were obtained with the 2x-A-FLRE-luc reporter (Fig. 3B) , but a few differences appeared between these two experimental systems. Indeed, on 2x-A-FLRE-luc reporter more mutants displayed an intermediate activity (i.e. Y59G, Y83G, K87G, F90G and S101G). This might be explained by a higher sensitivity of the latter reporter to the available amounts of functional FOXL2 (which ensures a better discrimination).
In order to obtain an integrated view of the functional impact of the mutations on our series of 12 reporter promoters, we performed a hierarchical clustering (Fig. 4) . Hierarchical clustering creates a series of clusters organized in a tree structure. The root of the tree consists of a single cluster containing all the mutations, and each of the leaves contains a single mutation. Between these two extremes, each level of the hierarchy represents a particular grouping of the data into disjoint clusters of mutations. Here, the second-highest level clearly classified the variants into two homogenous clusters: M65G, Y83G, I85G, K93G, N94G, N100G, L108G and WT on one side, and Y59G, I63G, L77G, Y81G, K87G, F90G, Y91G, W98G, I102, H104G and L106G on the other side. The latter group involved strongly damaging changes that virtually abolished protein activity. As shown subsequently, this behavior is linked to the predicted positions of the relevant mutated amino acids within the helices of the FHD.
We failed to detect a clear link between mislocalization/ aggregation of the mutated proteins and their functional capabilities. For instance, Y83G and I85G were still able to induce luciferase expression of tested reporters while displaying nuclear aggregation in about 30% of transfected cells. This phenomenon probably reflects a difference in the nature of the aggregates that in some cases might leave enough available FOXL2 to activate our set of reporter promoters. This would not be surprising in the light of the obvious differences in the aggregation patterns of the series of mutated FOXL2 proteins (discussed subsequently). The analysis of the composition, the dynamics and ultrastructure of different types of aggregates deserves future studies.
We next asked whether there could be a potential link between the chemical nature of the substitution (AA versus Gly) and its functional impact. To estimate the expected effect of the mutation, we used the scores of the Point Accepted Mutation (PAM250) similarity matrix. In such scoring matrices, the amino acid substitutions favored by Human
evolution (i.e. a conservative replacement) are assigned 'similarity' scores .0 and non-conservative replacements have scores ,0. Thus, similarity scores .0 suggest that two amino acids can replace each other without negative functional consequences and vice-versa. The PAM 250 matrix is supposed to represent the amino acid replaceability in protein sequences having diverged by 250 mutations per 100 amino acids positions. This comes down to say that the scores basically reflect the structural/functional replaceability of the amino acids with a low impact of the structure of the genetic code (30) . Not surprisingly, the average normalized activities of the FOXL2 variants (calculated over the 12 reporter promoters) displayed a positive correlation with the PAM250 scores for the glycine substitutions (Pearson's correlation coefficient R ¼ 0.6, P , 0.01, Fig. 5 ). This means that the higher the interchangeability of the particular residue by a Gly is, the lower functional interference of the mutation.
As shown in what follows, this was also found when naturally occurring mutations were taken into account.
Molecular modeling of FOXL2 reveals a correlation between structural and functional effects
We hypothesized that molecular modeling of FOXL2 structure might help understand the impact of glycine substitutions in the helices in maintaining the structure of the FHD. Using crystallographic data from other FHDs as a template, we predicted in silico the localization of the side chain for each amino acid position (Fig. 6) . We sorted the relevant amino acid positions into three different classes. If the side-chain of the amino acid residue points towards the core of the threehelical bundle of the FHD, the residue was classified as 'in' (for pointing inward). On the contrary, when the side-chain points outward the three-helical core, the residue was classified as 'out'. In some instances, the side chains point neither inward nor outward the core and such residues were classified as 'not determined' (Supplementary Material, Table S3 ). Not surprisingly, the average hydrophobicity (according to the Tanford's scale) (31) of the inward-pointing amino acid residues, irrespective of whether they were mutated in our study or not, was much higher (0.4 + 1.0) than the outward pointing residues (20.2 + 1.0). This clearly shows the importance of hydrophobic interactions to stabilize the structure of the three helical bundle of the FHD. Concerning the mutated positions, Y59G, I63G, L77G, Y81G, K87G, Y91G, W98G, I102G and L106G were classified as 'in', whereas M65G, K93G, N100G, H104G, S107G and L108G were classified as 'out'. Y83G, I85G, F90G, N94G and S101G were classified as 'not determined'. Interestingly, we found a strong correlation between the amino acid position in the predicted FOXL2 structure and its functional impact. Namely, when the side chain of the amino acid residue points outward the hydrophobic core, the glycine substitution is still compatible with a normal activity (with the exception of S107G). On the contrary, when the side chain points inwards, the glycine substitution leads to a loss of activity of the variant. This clear-cut correlation strongly suggests that our structural model is correct and prompted us to perform further experimental and statistical analyses involving naturally occurring mutations.
Towards a classification of BPES-inducing FOXL2 mutations based on a structural model
As mentioned earlier, we have previously studied a series of 16 naturally occurring point mutations in FOXL2. Here, we studied in-depth nine natural mutations known or predicted to lead to BPES of either type. Because mislocalization and aggregation of these mutated proteins were previously assessed (19), we focused on the analysis of their transcriptional activity on a series of luciferase reporters ( Fig. 3 and Supplementary Material, Table S2 ). The results obtained were consistent with what we have previously described, namely, that known or predicted type II mutants still have transcriptional activity while known or predicted type I mutants are devoid of transactivation capacity. This fact prompted us to include in our statistical analyses all the naturally occurring FHD mutations for which data on transactivation on pSIRT1-luc and 4xFLRE-luc reporters were available (19) . As expected, the combined analysis of the glycine mutational scan and the natural mutations confirms the correlation between the functional impact of the amino acids substitution and the corresponding PAM250 scores (Fig. 5B) . Interestingly, the combined analysis of artificial and natural mutants showed the existence of a loose negative correlation between the average activity of FOXL2 variants measured on the pSIRT and 4xFLRE reporters and the % of cells displaying nuclear aggregation (R ¼ 20.35, P , 0.05) and cytoplasmic retention (R ¼ 20.39, P , 0.05). We failed to find such a significant correlation with the artificial mutants alone, but we have previously reported its existence in the context of natural mutations (19) . We conclude that statistical significance in the combined analysis involving artificial and natural mutants is driven by the latter and/or owes to the increase of the sample size. Whatever the explanation, a negative correlation between aggregation and mislocalization and protein activity is not surprising. When we analyzed in silico the localization of the side chain for each BPES mutant, we found an almost perfect correlation: for known or predicted type I BPES mutations (i.e. those abolishing activity on pSIRT and 4xFLRE reporters), the amino acid side chains of the relevant amino acid positions point towards the hydrophobic core of the three helical bundle, whereas for type II (known or predicted) BPES mutations they point outwards, or at worst cannot be classified. This comes down to say that strongly damaging naturally occurring mutations (i.e. type I) are likely to disturb the hydrophobic interactions expected to stabilize the FHD.
Our results show that both the nature and the position of a FOXL2 mutation, be it artificial or natural, have a critical impact on the functional outcome. From a practical perspective, our structural model provides a reasonable classification tool of the BPES type for a given mutation occurring in the helices of the FHD. Indeed, a mutation leading to a perturbation of the hydrophobic core of the FHD would generate a loss-of-function allele, whose corresponding protein would be unable to activate even highly sensitive promoters. Such a mutation would very likely lead to POF. How a single mutation leads to protein misfolding and aggregation is 
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Human Molecular Genetics, 2011, Vol. 20, No. 17 largely unknown. Thus, it could be interesting to crystallize the WT and several mutated forms of the FHD of FOXL2 in order to better understand which amino acids are directly involved in the formation of the hydrophobic core and which are the structural consequences of their mutation. It is also worth noting that interactions with other proteins (or with DNA?) might play a role in the stabilization of the 3D fold of the FHD. There are examples of disordered proteins that adopt folded structures upon binding to their partners. This is the case for the interactions between domains of the general transcriptional coactivator CREB-binding protein (CBP) and the activator for thyroid hormone and retinoid receptors (ACTRs) (32 and references therein). Interestingly, both the ACTR and the CBP domains are intrinsically unfolded in isolation but their co-expression leads to a structured stoichiometric complex. Accordingly, the unstructured CBP domain fused to the GFP aggregates in a bacterial expression system but co-expression of the ACTR domain improves its folding and solubility. FHD stabilization can also be influenced by water molecules. Indeed, FOXO -DNA complexes involve several ordered water molecules, which could play an important role in their stabilization (reviewed in 33). It is very likely that a change in these interactions can prevent a correct transactivation. In more practical terms, BPES cases bearing mutations that are predicted to lead to ovarian dysfunction should undergo frequent monitoring of FSH and AMH levels to identify the onset of ovarian failure, which can occur between puberty and 40 years of age (34) . Hopefully, new therapies able to delay the onset of POF will be available in the near future.
MATERIALS AND METHODS

Plasmids and expression vectors
The FOXL2 mutated variants were produced by junction PCR as previously described (35) . A table summarizing the primer sequences used in this study is available in the online supplement (Supplementary Material, Table S1 ). Briefly, two PCR reactions were performed to generate the 5 ′ and 3 ′ portions of the ORF using, respectively, primer pcDNAFOXL2F and the corresponding mutagenic R primer (Supplementary Material, Table S1 ) and pcDNAFOXL2R and the corresponding F primer. After purification of the PCR products, they were mixed and allowed to undergo five PCR cycles in absence of primers, to generate the full-length mutated ORF. Then, a final PCR reaction was performed using primers pcDNAFOXL2F and pcDNAFOXL2R to further amplify the ORF. The PCR-amplified ORFs were cloned into the pcDNA3.1/ CT-GFP topoTA cloning vector (Invitrogen, Carlsbad, CA, USA) to produce recombinant fusion proteins in frame with the GFP.
Luciferase reporters used in this study are listed and referenced in Table 1 . The sequence of the human FOXL2 promoter was amplified by PCR from a BAC sequence containing the FOXL2 locus using primers pPROMFOXL2-F 5 ′ -ATGATGGTACCGCTCTATTCTCTCCCGCTCA-3 ′ and pPROMFOXL2-R 5 ′ -ATGATGCTAGCGACAAAGCCGGC GCGCCGCGG-3 ′ . PCR products were digested with the NheI and KpnI endonucleases (Boehringer-Mannheim) and cloned in pGL4-12 (Promega) to generate luciferase reporter. All constructs were sequenced to exclude the presence of PCR-induced mutations.
Cell culture COS-7 cells (African green monkey), used for protein localization studies, were grown and maintained in DMEM medium supplemented with 10% of fetal bovine serum and 1% of penicillin/streptomycin. The human granulosa-like KGN cells were used for functional studies (36) . They were maintained in DMEM-F12 medium supplemented with 10% of fetal bovine serum and 1% of penicillin/streptomycin and seeded at 4300 cells per well in 96-well culture plates, 24 h before transfection.
Protein subcellular localization
To assess subcellular localization/aggregation, COS-7 cells were transfected with FOXL2 constructs, as previously described (18) . These experiments were reproduced in three independent transfections. Briefly, cells were seeded 24 h before transfection at 30% of confluence in 24-well plates containing sterile coverslips. Cells were transfected using the calcium phosphate method (37) with 1 mg of plasmid per well and rinsed 24 h after transfection. Forty-eight hours after transfection, cells were washed with phosphate-buffered saline solution (PBS) and fixed for 15 min with Histofix (Trend Scientific, Inc.). Cells were washed three times in PBS, and nuclei were stained with the Hoechst 33342 dye (Invitrogen, CA, USA). Then, coverslips were mounted on slides using fluorescence mounting medium DakoCytomaton (DAKO, CA, USA). Cells were visualized by epifluorescence microscopy using a Leitz Aristoplan microscope, with a Leitz objective lens ×100/1.37 Oil with a numerical aperture of 0.17. Image acquisition was done with a JVC KX-F70B camera. Nuclear and cytoplasmic staining/aggregation were scored as previously described (18) . For each construct, 500 GFP-positive COS-7 cells were analyzed from three different transfection experiments.
Luciferase reporter assays and hierachical clustering
The transcriptional activity of our set of FOXL2 mutants was assessed in KGN cells using the Dual-Luciferase Reporter Assay System (Promega, Madison, WI, USA). As luciferase reporter, we used a series of previously described or new promoter constructs (Table 1) . Each experiment was performed in six replicates in 96-well culture plates. Cells were transfected using the calcium phosphate method (37) with 150 ng of plasmid per well and rinsed 24 h after transfection. Forty-eight hours after transfection, cells were washed with PBS before lysis and luciferase activity measurements. To monitor transfection efficiency, a Renilla luciferase vector (pRL-RSV, Promega, Madison, WI, USA) was co-transfected in all experiments. Luciferase results are reported as relative light units (RLU, i.e. the ratio of the firefly luciferase and the Renilla luciferase activities). Statistical significance was estimated with a Student's t-test. Error bars represent standard deviation between replicates.
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Hierarchical clustering of the mutations on the basis of the transactivation activity of FOXL2 on the set of reporter promoters was performed using agglomerative clustering with average linkage (38) , using the log 10-transformed average activities of the luciferase outputs (RLU) after setting the transactivation value of the empty vector to 1. Prior to clustering, the missing values in Supplementary Material, Table S2 were estimated using K-nearest neighbors with K ¼ 3 and the Euclidian distance as metrics.
In silico 3D modeling of FOXL2 FHD mutations
The FHD of FOXL2 was modeled using the FoxP2 FHD crystal structure (PDB Id: 2A07) as template. Homology module of Insight 2000 Accelrys software on SGI-O2 was used for modeling. The mutations were placed within the FOXL2 model using standard rotamer geometry as in the biopolymer module of the Accelrys software. The association of six molecules of FoxL2 FHD with two DNA molecules, as seen in the FoxP2 FHD crystal structure, was used to model the association of the native and mutated FoxL2 FHD, in order to understand the possible role of these mutants.
SUPPLEMENTARY MATERIAL
Supplementary Material is available at HMG online. 
